This paper reports the effects of annealing and age hardening heat treatments on the microstructural morphology and mechanical properties of 7075 Al alloy. The material was cast in the form of round cylindrical rods inside green sand mould from where some samples were rapidly cooled by early knockout and others gradually cooled to room temperature. From the samples that were gradually cooled some were annealed while others were age hardened. Both the as-cast in each category and heat treated samples were subjected to some mechanical tests and the morphology of the resulting microstructures were characterised by optical microscopy. From the results obtained there is formation of microsegregations of MgZn 2 during gradual solidification which was not present during rapid cooling. It was also found out that age hardening and annealing heat treatment operation eliminated these microsegregations and improve mechanical properties of 7075 Al alloy. It is concluded that microsegregation can be eliminated by rapid solidification and appropriate heat treatment process.
Introduction
Aluminium and its alloys are used in a variety of cast and wrought forms and conditions of heat treatment. For over 70 years, it ranks next to iron and steel in the metal market. The demand for aluminium grows rapidly because of its unique combination of properties which makes it becomes one of the most versatile of engineering and construction material [1] [2] [3] . The optimum properties of aluminium are achieved by alloying additions and heat treatments. This promotes the formation of small hard precipitates which interfere with the motion of dislocations and improve its mechanical properties [4] [5] [6] [7] . One of the most commonly used aluminium alloy for structural applications is 7075 Al alloy due to its attractive comprehensive properties such as low density, high strength, ductility, toughness and resistance to fatigue [8] [9] [10] [11] . It has been extensively utilized in aircraft structural parts and other highly stressed structural applications [12] [13] [14] [15] [16] . But aluminium-zinc alloy as it is in 7075 Al alloy is susceptible to embrittlement because of microsegregation of MgZn 2 precipitates which may lead to catastrophic failure of components produced from it 17, 18 . The alloy is also susceptibility to stress corrosion cracking 19, 20 . This is due to inhomogeneity of the alloy and inherent residual stresses associated with its fabrication methods.
The formation of these microsegregations (hard precipitates) and inherent residual stresses that are associated with their fabrication methods have serious negative effect on their mechanical properties 18 . Hence, this study is aimed at resolving the problems of microsegregations and inherent residual stresses that are associated with aluminium-zinc for improved service performance. The objectives of the work are to investigate the effects of annealing and precipitation hardening (age hardening) heat treatment on the microstructure, hardness, tensile strength, and impact strength of aluminium-zinc alloy.
Experimental Procedure

Material preparation
The present investigation was carried out on 7075 Al alloy composition shown in Table 1 . The material was cast in the form of round cylindrical rods of 20 mm diameter and 500 mm long. Some of the cast rods were rapidly cooled to room temperature by knocking them out 5 minutes after castings while the others were cooled gradually inside the mould to room temperature. Round tensile samples and impact test samples were machined from these categories of rods according to British Standard BSEN 10002-1:1990 and ASTM Standard E 602-91 respectively 21, 22 . The tensile test samples have a gauge length of 30 mm and diameter of 5 mm. The impact test samples were V notched to a depth of 2 mm. Samples were also sectioned from cast rods for metallographic and hardness tests.
Heat treatment
Two types of heat treatments were carried out namely annealing and precipitation hardening on sample machined from castings that were gradually cooled. Annealing was carried out by heating the already machined, metallographic and hardness test piece samples to 470 °C, soaking them at this temperature for 3 hours and then furnace cooled. Precipitation hardening was carried out by first solution treated another set of machined, metallographic and hardness test piece samples at a temperature of 465 °C for 2 hours followed by rapid quenching in cold water. These quenched samples were then subjected to a precipitation hardening treatment (age hardening) by heating them to 120 °C, holding them at this temperature for 5 hours and then followed by air cooling to room temperature.
Tensile testing
Tensile testing of all these specimens was conducted per British Standard BSEN 10002-1:1990. Three samples were tested from each heat-treated condition and as cast samples. The tests were carried out at room temperature with a crosshead speed of 1 mm/min using a computerised Instron 3369 electromechanical testing machine. Load -displacement plots were obtained on an X-Y recorder and ultimate tensile strength and percentage elongation values were calculated from this load -displacement diagrams. The average values from three test samples are reported here.
Impact testing
Impact testing of all these specimens was conducted per ASTM Standard E 602-91. Three samples were tested from each heat-treated condition and as cast samples. The tests were carried out using Izod impact test method on Houndsfield balance impact-testing machine. The amount of impact energy absorbed by the specimen before yielding was read off on the calibrated scale attached to the machine as a measure of impact strength in Joules. The average values from three test samples are reported here.
Hardness test
The control and the heat treated samples were subjected to the Brinell hardness test using the Houndsfield extensometer in compression mode. The specimens were polished to 600 microns and mounted on the machine using a dwell time of 15 seconds. The diameter of the impression left by the ball was then measured using the Brinell calibrated hand lens and the corresponding Brinell hardness number was determined.
Optical metallography
The heat treated and as cast samples were taken through the process of metallography: sample selection, mounting, grinding, polishing and etching. The morphology of the microstructures were then characterised by optical microscopy after etching with sodium hydroxide. who discovered that aging heat treatment of Al-Zn-Mg-Cu alloys lead to the formation of MgZn 2 intermetallic phase in the structure. In their study on evolution of eutectic structures in Al-Zn-Mg-Cu alloys Fan et al. 25 , reported that several coarse intermetallic phases such as MgZn 2 26 who finds out that solution treatment markedly reduce the degree of microseregation in 2024 wrought aluminium alloy.
Results and Discussions
From the results of mechanical test as presented in Table 2 ; the as-cast (gradually cooled) samples has the highest ultimate tensile and yield strengths followed by age hardened samples, as-cast (rapidly cooled) and annealed samples. The as-cast (gradually cooled) sample has the highest hardness and strength because of the presence of miccrosegregations in its structure which embrittles 7075 Al alloy. The reason for the observed trend in hardness and strength in the remaining samples is due to the variations in their grain size. This is in agreement with the findings of Kenji et al. 27 which indicated that solid-solution and grain refinement contribute to the hardening of Al-Mg alloys. Also, it is well reported in previous studies that fine-grained materials has more grain boundaries; and are harder and stronger than coarse grained materials that has less grain boundaries [28] [29] [30] . Since age hardened sample has more grain boundaries than as-cast (rapidly cooled) and annealed samples there is more impediment to dislocation motion during deformation and hence it is harder and stronger 31 . For most materials the yield strength σ y varies with grain size according to Hall-Petch relation:
In this expression d is the average grain diameter, σ y and k y and are constants for a particular material.
The improvement in yield strength and ultimate tensile strength as a result of grain size can also be explained from the microstructures perspectives. The finer these grains are the more the boundaries. During plastic deformation, slip or dislocation movement must take place across these grain boundaries. Since polycrystalline grains are of different crystallographic orientations at the grain boundaries, a dislocation passing from one grain to another will have to change its direction of motion. Such changes of direction causes impediment to dislocation movement, and increases both the yield strength and ultimate tensile strength. Because age hardening samples have the highest number of grain boundaries, dislocation movement becomes more and more difficult during plastic deformation. This is responsible for highest yield strength and ultimate tensile strength observed in age hardening samples. Also, 7075 Al alloy used for this study contains about 5.6% zinc (Zn) and 2.5% magnesium (Mg). These two alloying elements lead to increase in the strength of this alloy through formation of MgZn 2 precipitate within the structure as the result of aging heat treatment. This result corresponds with Du et al. 24 , Li and Peng 11 , Demir and Gündüz 32 and Kaya et al. 33 who concluded that Al-Zn-Mg alloy can get the highest strength level in natural and artificial ageing. 
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Annealing sample has the highest percentage elongation followed by as-cast (rapidly cooled), age hardening samples, and as-cast (gradually cooled). This is partly due to increase in grain coarsening which leads to an increase in the grain boundary area which increases the amount of energy required for the movement of dislocations required to cause fracture [34] [35] [36] . Thus, the material can withstand a higher plastic deformation before the final fracture. However, the percentage elongation of as-cast (gradually cooled) is very small because of embrittlement of 7075 Al alloy as a result of microsegregation of MgZn 2 .
As-cast (gradually cooled) sample has extremely high hardness as a result of its brittle structure. From the remaining three samples age hardening heat treatment samples has the highest hardness followed by as-cast (rapidly cooled) and annealed samples. The highest hardness values developed by age hardening samples can be attributed to precipitation of coherent and finely dispersed MgZn 2 phases which serves as foreign atom or inclusion in the lattice of the host crystal in the solid solution; this causes more lattice distortions which makes the alloy harder. In the previous study solid solution strengthening from elastic distortions is produced by substitutional atoms of Mg and Zn in aluminium matrix 37 . Hence, the main strengthening mechanism in these alloys is precipitation hardening by structural precipitates of MgZn 2 formed during artificial ageing. The precipitate particles act as obstacles to dislocation movement and thereby strengthen the heat-treated alloys.
The impact strength followed the same trends as percentage elongation with annealing sample been the highest and as-cast (gradually cooled) sample been the least. This is because impact strength is also a measure of material's ductility, and ductility is inversely related to strength 38 .
Conclusions
From the outcome of this study, there is formation of microsegregations of MgZn 2 during the gradual solidification of 7075 aluminium alloy due to solute redistribution of Mg and Zn but this was suppressed during rapid solidification. However, the microsegregations that were formed when it was gradually cooled are dissolved to form a homogeneous phase during the soaking period of heat treatment operations. As a result of age hardening heat treatment operation there is formation of small and finely uniform dispersed precipitate of MgZn 2 in the aluminium matrix while coarse grains of MgZn 2 phase was formed in aluminium matrix as a result of annealing heat treatment operation.
It has been found that rapid solidification process and heat treatment eliminate the formation of microsegregation, and significantly improved some mechanical properties. Age hardening heat treatment operation was found to improve yield strength, ultimate tensile strength and hardness values but lower ductility and impact strength. On the other hand annealing heat treatment operation improves impact strength and ductility but lower yield strength, ultimate tensile strength and hardness values. Therefore, annealing treatment of the alloy will be suitable for applications involving high toughness and ductility while age hardening treatment will be suitable for applications that require high ultimate tensile strength, yield strength and hardness values.
Finally, it is concluded that the formation of microsegregation embrittle 7075 aluminium alloy, and subsequently have negative effects on its mechanical properties and its application. This can be addressed by rapid solidification and appropriate heat treatment process. 
